Background and Aims: Decreased sperm motility and increased level of oxidative stress are major causes of male infertility. This study was designed to evaluate the effect of propolis supplementation on spermatogram and reproductive hormones in asthenozoospermic men. Materials and Methods: In this randomized, double-blind controlled clinical trial, 60 asthenozoospermic men attending an infertility clinic in Velayat Hospital in Qazvin, Iran, were randomly assigned to one of intervention and placebo groups (n=30 for each group). For 10 weeks each participant in the intervention group took 1500 mg of propolis daily, while in the placebo group they received daily placebo. Sperm parameters, total antioxidant capacity, concentrations of malondialdehyde of plasma, inflammatory markers and reproductive hormones were measured at the baseline and at the end of the interventions. Results: Out of 60 who participated in this study, 29 men in the intervention group and 28 men in the placebo group completed the study. After the intervention, concentration and percentage of motile sperms as well as total antioxidant capacity of plasma significantly increased while the concentration of plasma malondialdehyde and inflammatory markers significantly decreased in the intervention group compared to the placebo group (p<0.05). Conclusions: Propolis supplementation led to increase in the concentration and motility of asthenozoospermic sperms and reduction of oxidative stress and inflammatory markers. Since increase in reactive oxygen species has been observed in abnormal sperms, oral intake of propolis may be one of the ways to deal with oxidative damage in spermatozoa of infertile men.
Introduction
According to World Health Organization (WHO) definition, infertility is the absence of pregnancy after one year or more of sexual relations with no use of contraceptives [1] .
Because of lifestyle changes and the presence of various environmental stresses, the incidence of infertility has increased significantly and has become the third most serious health problem following cardiovascular diseases and cancer [2] . According to studies, 10 to 15 percent of couples have infertility problems, out of which 90% can be treated [3] . Based on scientific reports, there are 50 to 80 million infertile couples in the world with about two million new cases per year [1] .
Elevated reactive oxygen species (ROS) levels can lead to male infertility. Forty percent of the men had high levels of ROS concentrations as reported in past studies [4] . Because of the presence of polyunsaturated fatty acids in the cell membrane and their oxidation by ROS that leads to changed membrane integrity, sperm motility and sperm viability diminish as well [5] . Infertile men have low antioxidant levels in seminal plasma which can lead to sperm vulnerability against oxidative stress [6] .
Propolis is a natural product collected from cracks in the bark of trees by honey bees and enriched by their salivary enzymes [5] . Many biological components such as polyphenolic compounds (i.e., flavonoids), cinnamic acid extracts, different steroids and amino acids have been identified in propolis [7] . Some biological effects such as anti-inflammatory, anticancer, antioxidant, antibiotic and antifungal activities have also been reported from propolis in several papers [5] . Protective properties of propolis against infertility have been reported in several studies, such as ameliorating production, motility, number and quality of sperm, expanding the process of steroidogenesis and then testosterone production [8, 9] . Due to increased infertility prevalence and impact of emotional, financial burden of disease on infertile couple's quality of lives [10] , this study was designed to investigate the effect of propolis on sperm parameters, inflammatory factors and sex hormones in men affected by idiopathic infertility. 
Materials and Methods

Subjects
Study design
At the beginning of the study, patients were randomized to propolis-treated group who Participants were interviewed face to face by trained professional nutritionists.
Preparation of samples
Semen samples were obtained after 3 days of sexual abstinence at urology clinic of the Velayat Hospital (Qazvin, Iran). The semen was held at 37°C to liquefy. After liquefaction, the samples were analyzed according to the WHO protocol [12] . The rest of liquid semen samples were immediately centrifuged at 300 rpm for 10 min. The seminal plasma was divided into several aliquots and kept frozen at -80 °C for other biochemical analyses. Venous blood samples were centrifuged at 3,000 g at 4°C for 10 minutes, and serum was aspirated out for hormone assays. The serum was stored at -80°C until assays.
Laboratory methods
Assessment of sperm motility
Motility assessment of sperms was performed according to the WHO 1999 criteria [13] .
Sperms were scored for motility as grades a to Khosrowbeygi et al. [14] .
Reproductive hormones assay
Serum testosterone (DRG Instruments GmbH, Germany) and prolactin (Padyab Teb Diagnostic, Iran) were assayed using commercial radioimmunoassay kits. These commercial kits had previously been used with an inter-assay and intra-assay variation of lower than 10% (the reference range for testosterone and prolactin is 10 to 35 nmol/L and 92 to 697 pmol/L, respectively.) Luteinizing hormone (LH) was measured by immunochemiluminometric assay (CUSABIO, Japan), in which intra-assay and interassay coefficients of variation were 3.4% and 3.8%, respectively (the LH normal range is 1.5 to 9.3 IU/L).
Follicle-stimulating hormone (FSH) was also measured using immuno-chemiluminometric assay (CUSABIO, Japan) with an intra-assay and inter-assay coefficients of variation of 3.2% and 6.7%, respectively (the FSH normal range is 1.4 to18.1 IU/L).
Statistical analysis
All data were presented as Mean±SD. 
Results
In this study, a total of 60 patients were recruited but only 57 patients completed the whole study including 29 out of 30 in the propolis-treated group and 28 out of 30 in the placebo group ( Fig. 1 ). There were no significant differences in baseline features of the participants between the two groups (Table   1 ). There were no significant differences in total sperm count, sperm concentration, the percentage of progressive motile sperm, total motility, and sperm morphology between the two groups before treatment (p>0.05, Table 2 At the baseline, there were no significant differences in plasma malondialdehyde, TAC, CRP and TNF-α levels between the two groups. After propolis treatment for 10 weeks, plasma TAC levels increased significantly compared to the placebo (2.1±0.06 vs. 1.35±0.09 µmol/l, p<0.001).
Plasma malondialdehyde and inflammatory
biomarker levels were also affected by propolis supplementation. These factors were significantly decreased in the propolis group, when compared to the placebo group (p<0.05) (Table 3) . There were no significant differences in the baseline levels of LH, FSH, PRL and testosterone between the two groups.
Compared to the placebo, the propolis-treated group had an increase in testosterone and decrease in serum FSH, LH and PRL on 10-week treatment. However, this difference was not significant (p>0.05). Within-group analyses indicated that difference in the reproductive hormone levels were not significant after intervention in the propolistreated group (p>0.05) ( Table 3 ).
Discussion
This study reported, for the first time, the effects of Iranian propolis oral supplementation on infertile men with asthenozoospermia.
Our knowledge on male fertility, sperm function and evolution of distinctive tackles has been intensively improved in the last decade. Also, our understanding of oxidative stress has resulted in various new treatment methods for ameliorating male infertility.
Absence of scientific reports about efficacy of many new antioxidants that are nowadays used for decreasing oxidative stress and boosting sperm function has led to their non-acceptance by food and drug administration.
Several studies have indicated that prevention of reduced sperm motility can be fulfilled with some antioxidants [15] . Our results revealed that a 10-week supplementation with propolis can increase sperm count, sperm concentration, sperm motility and live sperm.
Consistent with our results, Capucho et al. [16] and Rizk et al. [17] reported that propolis extract can increase sperm number in rats.
According to these findings, propolis may be regarded as an adjuvant therapy. Testicular tissue exposed to cyclosporine A was protected from oxidation by propolis treatment.
Improved enzymatic activities of oxidative phosphorylation may affect sperm motility.
ATP production is dependent on oxidative phosphorylation. Energy for the forward motion of spermatozoa is supplied by ATP [18] .
This was also reported by Yousef et al. [8] , in rabbits, by daily administration of 50 mg/kg of body weight of propolis orally, for 12 weeks.
These results are in line with those shown by Newairy [19] , when administering orally, in male rats, 50 mg/kg of body weight of propolis for 70 days. Both investigators found significant amelioration in semen quality of propolis-treated animals compared to controls.
Also propolis-treated group showed significant improvement in sperm features and male fertility in animals exposed to chlorpyrifos toxicity [20] . Sperm membrane rich in polyunsaturated fatty acids may be affected by oxidative strikes. Free radical scavenging properties of propolis may protect sperms from adverse effects [21] .
One of the main measurements that indicate sperm fertilizing properties is sperm motility [22] . Any negative effect on motility would really affect fertilizing capability [23] .
Antioxidant power of flavonoids found in propolis may be related to boosting sperm functions, operating as antioxidant factors, and defending the sperm membrane [24] . Russo et al. [25] identified that propolis prevents The TAC in seminal fluid and blood plasma is firmly linked to male fertility, and proper TAC supplies a good environment for sperm swimming [28] . Considering this fact, Contri et al. [29] reported a clear correlation between sperm parameters and total antioxidant capacity in seminal plasma. Antioxidant defense capacity of semen is reduced in semen processing and cryopreservation [30] . Based on our study, propolis intake significantly increased the level of TAC in plasma.
Further, propolis application as antioxidant was awaited to lower malondialdehyde levels and improve the quality of spermatozoa.
The result of this research indicated that propolis supplementation 1500 mg lowers malondialdehyde level significantly compared to the placebo group.
Decreased plasma and tissue (liver and kidney) malondialdehyde levels was reported by Kanbur et al. [24] in animals that were administered propolis in association with propetamphos, in comparison to the group that was treated with propetamphos alone.
Elementary mechanism of propolis effect may be related to scavenging of free radicals that cause lipid peroxidation.
There are numerous data about anti-inflammatory properties of propolis [31] . [38] . In our study, the propolis-treated group had an increase in testosterone and decrease in serum FSH, LH and PRL at the end of the study.
However this difference was not significant.
To date, the effects of propolis or propolis compounds on the sperm parameters have been scarcely studied. All these findings are attributed to the propolis effects in animal studies, none of which were conducted in human investigations. Our study describes a novel result of propolis on the sperm characteristics in asthenozoospermic men.
Conclusion
It can be concluded that intake of propolis improves semen parameters and sperm function. Therefore, it is possible to use 1500 mg of propolis daily in infertile men to significantly increase density, count, and motility of sperm.
